the effects of female size (cephalothorax length [CL]) and reproductive status on egg size (diameter, dry weight) and larva CL at hatching were investigated in two Homarus americanus populations in the Gulf of St. Lawrence (Î Iles-de-la-Madeleine, Anticosti) and one at Grand Manan (Bay of Fundy), Canada. The estimated size at 50% maturity was used to identify small (likely primiparous) females for each population. Multifactor, mixed-hierarchical ANOVA models were used to investigate the variability of eggs and stage I CL among years and populations. In all comparisons, the main source of variability in the egg and stage I larva size was females (within and among). Nevertheless, for theÎ Ilesde-la-Madeleine population in each year except 2001, the mean stage I larva sizes from small (CL , 79 mm), probably primiparous females were significantly smaller (P , 0.0085) than the mean larva sizes from larger females. However, female CL per se explained very little of the variance in mean larval size at hatching (r 2 ¼ 0.23, P , 0.05 and r 2 ¼ 0.12, P ¼ 0.22 in 2000 and 2001, respectively, when the entire size range of reproductive females was considered). Hatching larvae tend to be smaller in primiparous females or females maturing at a small size; however, over the entire size range of reproductive females, larval size at hatching is almost independent of female size (CL). It is as if, above a minimum viable size, there is a constant small range of egg/larval sizes produced in H. americanus. Conservation measures dealing with the imposition of a minimum legal size may be a means of increasing the number of females that will spawn at least once or twice within a population. However, the impacts of first-time spawning on quality of eggs and larvae need to be fully investigated to assess the response of the population's egg production and recruitment potential of this measure.
American lobster (Homarus americanus Milne Edwards, 1837) can be found on the continental shelf from southern Labrador to Cape Hatteras, and the species supports one of the most important commercial fisheries in the Northwest Atlantic (Factor, 1995) . In Eastern Canada, some of the most abundant populations are located within the southern Gulf of St. Lawrence (sGSL) and southwest of Nova Scotia. Consequently, the fisheries in these heavily exploited areas are regulated to protect a minimum number of young mature lobsters and to maintain the number of eggs-per-recruit at a level thought to be sufficient to ensure adequate recruitment and sustain populations. Current conservation measures include a prohibition of landing all berried females, a minimal legal size, control of fishing effort (e.g., number of traps), and a limited fishing season. The protection of larger females by a maximum legal size is also being considered. Larger females are individually much more fecund (Aiken and Waddy, 1980) , and they may also have bigger (i.e., dry weight) eggs with higher energy content than smaller females (Attard and Hudon, 1987) .
For crustaceans with indeterminate growth such as lobster, where maturation and reproduction occur while the animal is still growing, there must be a partitioning of energetic resources among and a harmonization of the processes of somatic growth, molting, and egg production (Nelson, 1991) . In addition, in species where eggs develop on pleopods (e.g., lobster), it is imperative that the molt does not occur while the female is carrying eggs, so that energy used in producing the egg mass is not wasted. In Eastern Canada, most female lobster molt and spawn on alternate years; however, a presumably low proportion of the small females may molt and extrude eggs the same year (Aiken and Waddy, 1980) . While the exact proportion of small female lobsters that molt and spawn the same year is unknown for most populations in Eastern Canada, a recent investigation in the sGSL revealed that, even in multiparous females, the one-year reproductive cycle (molting and spawning in the same year) might occur more frequently than initially believed (Comeau and Savoie, 2002) . The different females' reproduction cycles may represent another source of variability in egg quality.
In benthic invertebrates, energy content per egg (parental investment) is generally related to egg size (diameter or volume); however, considerable variability can be found within and among species and mode of development (Jaeckle, 1995; McEdwards and Morgan, 2001 ). In clawed lobsters, it has been suggested that phenotypic variability in female growth and size at maturity enable substantial intraspecific variations in egg production (numbers) in response to environmental factors while egg and larval sizes display less phenotypic variations (Pollock, 1997) . However, large interannual variability in egg energy content (lipids) was observed among females of the European lobster (H. gammarus Linnaeus, 1758) (Wickins et al., 1995) , and an earlier study on lobster from theÎ Iles-de-laMadeleine (sGSL) suggested that larger females produce, on average, better quality eggs (in term of energy content: Attard and Hudon, 1987) . Moreover, lobster larvae hatched from eggs incubated at different temperatures showed significant differences in initial energy content (Sasaki et al., 1986) , presumably leading to potential differences in survival. In fact, recent work on female American lobster maturity and reproductive cycles in the sGSL (Comeau and Savoie, 2002) concluded that detailed knowledge of egg viability and larval ecology is required for assessing the real contribution of females of various sizes to population recruitment.
In 1996, Fisheries and Oceans Canada initiated the Canadian Lobster Atlantic-Wide Studies (CLAWS) program, a multidisciplinary investigation of lobster production in Eastern Canada (Tremblay and Sainte-Marie, 2001) . From 1997 to 2001, we investigated the relationships between female size and reproductive status on egg size (diameter, dry weight) and larva size (cephalothorax length [CL] ) at hatching in one population in the sGSL (Î Iles-de-la-Madeleine). In 2000, we compared these parameters among two lobster populations in the GSL (Î Iles-de-laMadeleine and Anticosti Island) and one population at Grand Manan Island (Bay of Fundy).
A comprehensive assessment of the relationships between female size and egg and larva size, and intra-and interpopulation variability is currently lacking for H. americanus. The objectives of this paper are (1) to describe the full scale of variability in egg and larval size at hatching over the entire size range of reproductive females within and among these populations and (2) to verify the hypothesis that larger females produce larvae that are significantly larger at hatching. Although the relationship between egg size and energy content can be weak (McEdward and Morgan, 2001) , egg and larvae size are used as a proxy for quality. The results are also discussed in the context of life-history theories that propose an optimal balance between egg size and number.
MATERIALS AND METHODS
The objectives and the sampling effort have varied over the years of the study (Table 1) . From 1997 to 1999, under the premise that small females produce small eggs, the study was designed to compare the size of eggs and hatching larvae (stage I cephalothorax length, hereafter referred as stage I CL) from small (CL , 79 mm) and large females. Therefore, four berried females in each size category from theÎ Iles-de-la-Madeleine (see Fig. 1 ) were captured in June or early July, prior to larval emergence, by commercial fishers or divers. The females were sent as soon as possible to the Maurice Lamontagne Institute (Fisheries and Oceans Canada, Mont-Joli, Quebec) to monitor larval hatching. In 2000, the sampling effort was greatly enhanced, and more berried females from the entire size range were obtained at three locations: (1)Î Iles-de-la-Madeleine (also in 2001) and (2) Anticosti Island in the GSL, and (3) Grand Manan Island in the Bay of Fundy (Fig. 1) . For Grand Manan lobsters, eggs were sampled at the site and the females were not retained and isolated for hatching of the larvae. Thus, only egg diameters are available for these females.
Each year, upon arrival at the laboratory, the egg mass of each female was examined to ensure its good condition (relative size of the egg mass, presence of parasites, etc.), and egg samples were taken randomly at different locations at the periphery (surface) of the egg mass. Egg samples were stored at À808C for later measures of diameter and dry weight. Each female was then isolated in a 40-L or 60-L flow-through tank until larval emergence. After isolation of (Incze et al., 1984; Giguere et al., 1989) , but it seems that cephalothorax length is not affected by formaldehyde preservation, at least in copepods (Durbin and Durbin, 1978) . We are not aware of a study that has investigated the effect of formaldehyde on cephalothorax length in decapod larvae; however given the absence of significant effects in other crustacean taxa, no correction factor was applied to the length data. In 2000, 25 eggs (for diameter measurements) and 25 hatching larvae (for CL) were sampled from each female from each population. For the other years, between 10 and 40 eggs and larvae were sampled per female. However, mean dry weights were always estimated from three replicates of five eggs per female. Egg diameters were obtained by averaging two perpendicular axes crossing each egg on digitalized images (BIOQUANTä, R&M Biometrics, Inc., Nashville, Tennessee) of the sample from each female. Stage I CL was measured from the posterior end of the eye orbit to the posterior dorsal margin of the carapace on digitalized images of individual larvae. Mean dry weights were obtained from the same samples taken for diameters by weighing the eggs after 24 h at 708C on a CAHNä C-31 electro-microbalance.
The estimated size at 50% maturity was used to separate the females into two groups for each population. These sizes were estimated to be 79 mm CL for theÎ Iles-de-la-Madeleine population (Dubé and Grondin, 1985) , 92 mm CL for the Anticosti Island population (L. Gendron, personal communication), and 108 mm CL for the Grand Manan population (Campbell and Robinson, 1983) . Although a large proportion of females smaller than the estimated size at 50% maturity are certainly primiparous or first-time spawners, there is the possibility that some of them are multiple spawners. It is also arbitrary to classify all larger females as multiparous (or multiple time) spawners. Therefore, the results are presented with reference to small and large females.
Multifactor, mixed-hierarchical analysis of variance (ANOVA) models were used to investigate interannual variability in lobster eggs (diameter, dry weight) and stage I CL at hatching in theÎ Iles-de-la-Madeleine population and among lobster populations in 2000. Cochran's test for homogeneity of variances was used to check for equality of the variances in egg and larva data among females within groups (small, large) for each population and year. Overall, variances were homogenous (P , 0.05, but P , 0.1 for 4 tests out of 19) for all cases except for dry weight in the Anticosti Island population in 2000. However, it was recently argued that these tests could be too conservative and reject the null hypothesis of equal variances when the ANOVA F test would still be reliable (Quinn and Keough, 2002) . Instead, a simple test of homogeneity is that observations within each group should have a similar spread. Figures 3, 4 , and 6 present individual egg and larva data for each female, and Fig. 5 shows the stage I CL mean 6 1 standard deviation for each female. In all cases, the dispersion of the data is very similar among females, indicating homogeneity of the sample variances and the reliability of the ANOVA tests. Moreover, ANOVAs are reputably robust when sample sizes are equal (balanced), as is the case in this study in the comparisons of all variables among populations in 2000 and for egg dry weight among years.
All levels of variability were included in each ANOVA model: Type (female size group) and Year as fixed effects, Population as a random effect, and Females as a random effect nested in the interactions Year or Population and Type. The SAS Ò (version 6.12 and 8.02) GLM procedure was used for the computations and the test of hypotheses for the mixed model ANOVAs. In addition, estimated variance components were calculated from the complete models (random and fixed factors) and were converted to the percentage contribution of each factor to the total variance in egg and larval sizes (Quinn and Keough, 2002) . For random factors, the components are the proportion that each contributes to the random variation in the dependent variable, whereas for fixed factors, the components represent the variance between the fixed group means. Nevertheless, following Quinn and Keough (2002) , the variance components are presented as descriptive statistics to illustrate the relative contribution of each factor to the total variance of the dependent variable in our ANOVA models.
Even though the interaction term Females (Year or Population 3 Type) was significant, the a posteriori multiple comparison tests were only computed among Type, Population, and Year (when these terms were significant) instead of all possible combinations of female pairs. Multiple t-tests were used, and the critical probability levels were adjusted for the number of comparisons according to the Dunn-Sidák method (Quinn and Keough, 2002) . Lastly, to complement the ANOVA and for comparison with other studies, linear regression models were used to examine the relationships between mean stage I CL and female CL.
The relationships between female size (CL) and egg and larva variables are also illustrated by locally weighted regression scatterplot smoothing (LOWESS) of the raw data.
RESULTS
For theÎ Iles-de-la-Madeleine lobster population, the number of females varied among the years, but the size range of the berried females sampled each year was representative of what is found in that population ( Fig. 2A) . In 2000, the entire size range of berried females sampled was similar between the two populations in the GSL, and the size distributions revealed distinct modes of small females (Fig. 2B) . The situation was different at Grand Manan Island in the Bay of Fundy, with a larger overall mean CL size for berried females sampled and a smaller proportion of the small females (Fig. 2B ).
Interannual Comparisons
For theÎ Iles-de-la-Madeleine population, more than 90% of the total variance in egg diameters was observed within (residual) and among females while the factor Type and the Type 3 Year interaction, while significant, accounted for only a small percentage (Table 2 ). There was a significant difference in 2001 (t-test, 6 comparisons, P , 0.0085) but not in 2000 in mean egg diameter between female Type (i.e., size group), with larger females having larger eggs compared to small females (Fig. 3A) . The mean egg diameter from small females was larger (P , 0.0085) in 2000 compared to 2001, whereas the mean egg diameter was larger in the large females (P , 0.0085) in 2001 than in 2000 (Fig. 3A) . From 1998 to 2001, about 60% of the total variance in egg dry weights was observed within and among females (Table 2) . Factors Year and Type together accounted for the rest of the variance in egg dry weights (Table 2) . Multiple a posteriori t-tests revealed that the mean egg dry weight was lower (28 comparisons, P , 0.0018) in small compared to large females for each year (Fig. 3B ). For both small and large females, mean egg dry weights were lower (P , 0.0018) in 2000 relative to other years. In large females, mean egg dry weights were not different between 1998 and 1999 and were larger than in 2000 and 2001 (P , 0.0018). More than 90% of the variance in stage I CL was observed within and among females with marginal contributions of Year and Type (Table  2) . Multiple comparison tests revealed that in each year except in 2001, hatching stage I CL from small females were significantly smaller than those from large females (t-test, 36 comparisons, P , 0.0014) (Fig. 4) . Among years, the mean stage I CL from small females was significantly larger in 2001 (P , 0.0014), but mean CL sizes were not different between 1997, 1998, and 1999 and between 2000 and 1998 (P . 0.0014) . For large females, hatching stage I CL were the smallest in 2000 stage I CL at hatching. On the other hand, mean egg dry weights were significantly correlated to mean stage I CL at hatching in both populations (Anticosti: r 2 ¼ 0.39, P , 0.001, n ¼ 44;Î Iles-dela-Madeleine: r 2 ¼ 0.67, P , 0.001, n ¼ 76).
In addition, examination of theÎ Iles-de-laMadeleine data for the year 2000 revealed that most females were distributed in two size groups: (1) between 70 and 80 mm CL, and (2) between ;85 and 95 mm CL (Fig. 2B ). Within 488 each group, and remarkably so in the second, high variability was observed in egg size (diameter, dry weight) and stage I CL among females (Figs. 3, 4) . For each female size group, the coefficient of variation (CV) for egg diameters and stage I CL were comparable between the overall mean and the mean of each female's mean (Table 3) . That is, there was as much variability in egg and stage I CL sizes within females as among females in each size group.
Interpopulation Comparisons
Among populations in 2000, the variance in lobster egg diameters was almost all observed within and among the females (Table 4) . Nevertheless, the results of the ANOVA indicate that mean egg diameters differed among populations. Eggs from both small and large females from Grand Manan were larger than eggs from Anticosti Island andÎ Iles-de-laMadeleine (a posteriori multiple comparisons, t-test, 6 comparisons, P , 0.0085) (Figs. 3A, 6 ). On the other hand, although more than 80% of the total variance was observed within and among females, mean egg dry weights were significantly different between female Type and Population in the GSL in 2000 (Table 4 ; Figs. 3B, 6). For both small and large females, mean egg dry weights were higher for theÎ Iles-de-laMadeleine population compared to the Anticosti Island population (a posteriori multiple comparisons, t-test, 6 comparisons, P , 0.0085). However, the largest (62.9%) proportion of the total variance in hatching stage I CL was observed between female Type (the fixed effect in the ANOVA model) even though that factor was not statistically significant (Table 4) . According to the ANOVA results, stage I CL was not different between populations (Î Iles-dela-Madeleine and Anticosti Island) in 2000.
DISCUSSION
In each lobster population and for each year, the greatest single source of variance in egg diameter, dry weight, and stage I CL at hatching was the individual female, but not female size as cephalothorax length (CL). Each year, the females were captured in June-July, at the very end of the egg development period, which may have had some influence on the accuracy of the egg diameter and dry weight measurements. It has been observed that lobster egg size (diameter) and dry weight change rapidly during the last weeks of development prior to the emergence of the larva (Sibert et al., 2004) . Therefore, even though most females had released their larvae shortly after arriving at the laboratory, measuring egg diameter and dry weight at different times late in their development may have introduced additional variability in the data. Therefore, the best developmental stages for assessing maternal and environmental effects would be the freshly extruded eggs (to be considered for future investigations) or hatching stage I larvae, as we did in this study.
The originality of this study is its analysis of the variance at the level of the individual eggs and larvae per female, but even with egg dry weights estimated by pooling five eggs for each determination (hence reducing individual female variability), a large fraction of the total variance was found at the individual level. Similar individual variability has been reported for other decapod crustaceans. Clarke (1993) investigated egg size variability within and among females in different shrimp species and found that the degree of variability (CV%) in egg volume within females was similar to variability among females in the hippolytid Chorismus antarticus Pfeffer, 1887, and the crangronid Notocrangon antarticus Pfeffer, 1887. Gardner (1997) , using mean rather than individual values, concluded that egg diameter and dry weight were significantly related to carapace length in the giant crab Pseudocarcinus gigas Lamarck, 1818; however, only one regression coefficient (r 2 ) out of six was greater than 0.2. Giménez and Anger (2001) reported significant variability among broods and a weak correlation between egg size and female size, which explained a minor part of the observed variability in egg size in the estuarine crab Chasmagnathus granulata Dana, 1851. Moreover, DeMartini et al. (2003) concluded that egg size (volume) was independent of female size in the spiny lobster Panulirus marginatus Quoy and Gaimard, 1825.
Therefore, the variability of egg and larva size within and among females and the weak relationships with female CL size observed in H. americanus is not exceptional. Considering all years or populations, the degree of variability within and among females was almost constant (overall range: 2.3% to 5.8% for egg diameter and 3.0% to 10.0% for stage I CL). The relatively large contribution of the individual female to total variance also means that the other factors (year, population) add little to the variability in larva size. Nonetheless, a persistent feature in the results was that through the years atÎ Iles-de-la-Madeleine, small females produced smaller stage I larvae at hatching relative to large females. In addition, larvae from the small females in 1997 and 1998 had lower triacylglycerol (TAG) reserves at hatching than larvae from the large females (Plante, 2001) . In many fish species, it has been reported that first-time spawners produce eggs of lower quality (e.g., smaller) and viability (see Trippel et al., 1997) , and, in general, the nutritional condition of the maturing females appears to be an important factor in determining egg quality (Kjesbu et al., 1996; Ouellet et al., 2001a) . Although similar information is lacking for decapods or crustaceans in general, the importance of the female's nutritional status has been recognized for ovarian maturation (Gendron et al., 2001) , egg production, and possibly egg viability (Castel and Kean, 1986; Harrison, 1990) . It is therefore tempting to attribute the difference to possible energy limitations in small primiparous females. However, even among the small females, some may have spawned for the second time, and all females were sampled long after their eggs were spawned, so it is impossible to know the nutritional condition of the females prior to spawning.
Moreover, at least in small lobsters, molt and reproduction are differentially controlled, possibly via temperature, in a way that minimizes the conflict between the two processes (Waddy and Aiken, 1991) . The reproductive cycle of females typically lasts two years. At puberty, the small females molt (usually in summer in the sGSL) and mate for the first time, when primary vitellogenesis is under way (Aiken and Waddy, 1980) . In the following months (late fallwinter), vitellogenesis is apparently reduced but accelerates again in the spring in preparation for the first spawning in summer (about a full year after molting and mating). Under this scenario, there should be no competition between molting, somatic growth, and egg production later (Nelson, 1991) . Following extrusion, the eggs then develop for the next (Quinn and Keough, 2002). 10 to 11 months, and the larvae hatch the next summer. A molt follows larval hatching, and the female can mate again and repeat the two-year cycle (Aiken and Waddy, 1980) . In large females, however, successive spawning can occur before the female molts or mates again. Therefore, most female lobsters alternate molting and spawning, and the conflict between molting and reproduction is minimized (Nelson, 1991; Waddy and Aiken, 1991) . However, a small fraction of the small primiparous females may molt and extrude eggs the same year (Aiken and Waddy, 1980) . In these females, there is a potential for resource competition between secondary vitellogenesis (when most of the egg yolk is assembled) and the end of the molt cycle (premolt and ecdysis). The proportion of small lobsters that molt and spawn the same year is unknown for theÎ Iles-de-la-Madeleine population, but it is not expected to be high (L. Gendron, personal communication). In any case, it would seem improbable that the phenomenon would be frequent enough to explain the annually repeated differences between the small and large females in this study. Nevertheless, Attard and Hudon (1987) reported that the maximum (relative) investment in egg production was found in mid-sized females (82-90 mm CL). Interestingly, the maximum variability in egg and larval size among females was also observed in that size range (Figs. 4, 5; Î Iles-de-laMadeleine in 2000) . In the study by Comeau and Savoie (2002) , up to 20% of multiparous females between 65 and 109 mm CL could spawn in successive years (instead of the typical two-year cycle). Again, it is not possible to know whether the females sampled in the summer of 2000 at theÎ Iles-de-la-Madeleine were on a oneor two-year spawning cycle, but by hypothesizing that spawning on successive years has a negative effect on egg/larva quality (e.g., size), we can speculate that the observed pattern reflects a mixture of females on a one-year and a two-year reproductive cycle.Î Iles-de-la-Madeleine population is also the one with the smaller size at 50% maturity. Although the other populations were sampled in 2000 only (and no larvae were sampled from the Grand Manan females) the difference in egg and stage I CL between small and larger females was clearer for theÎ Iles-de-la-Madeleine population. This suggests that maturing at a smaller size may also present particular constraints (e.g., smaller abdominal area) that are reflected by lower egg production (size and number).
Another factor is that growth rates (at least in length) decline with increased size in lobster (Aiken and Waddy, 1980) . It is conceivable that higher growth rates in the smaller immature females somehow reduce the egg-production capacity of the first reproductive cycle. However, while it is possible that first-time spawners suffer from physiological limitations that are reflected in smaller larva size, it would also be interesting to consider other aspects of lobster behavior in an attempt to account for the total cost of reproduction. For example, it was recently shown that male lobsters adjust ejaculate positively to female size and that small females can mate with more than one male (Gosselin et al., 2003) . Hypothetically, small primiparous females could react to lower sperm allocation, or to higher activity and stress associated with multiple copulations, by reducing energy allocation to egg production (i.e., egg size and number). There is a growing awareness of the significance of parental (maternal and paternal) effects in ecology and of the complex interactions between parental phenotypes (and genotypes) and the environment in determining offspring phenotype (see Mousseau and Fox, 1998) . Only an in-depth study of the ecological and physiological processes occurring during molt/somatic growth, copulation, ovarian maturation, and egg production in lobsters will help to explain the reason for smaller larvae in primiparous (small) females.
Relationships Between Female CL and
Stage I CL
The analyses showed that within each female size group, as well as over the entire size range of mature females, there was practically no effect of female size (CL) on stage I CL at hatching. Although the regressions of mean stage I CL on female CL were significant in 1997 and 1999 and explained a fair proportion of the variance (r 2 . 0.5), this was mainly due to the fact that sampling was targeting two distinct female size categories to maximize the difference in mean egg sizes. When the sampling covered the entire range of the egg-carrying female sizes in the population, either the regressions were not significant (i.e., in 2001 at theÎ Iles-de-la-Madeleine) or the proportion of the variance explained by the linear model was much lower (i.e., in 2000 at theÎ Iles-de-laMadeleine and Anticosti Island). It is as if above a minimum viable size, there is a constant small range of egg/larval sizes produced in H.
americanus. Simple life-history models assume that only a limited amount of energy is available at any given time for reproduction and address the trade-off between egg size and egg number (Smith and Fretwell, 1974; Parker and Begon, 1986) . In its simplest formulation, the model assumption is that a single ''optimal'' (in the sense of optimizing offspring fitness) egg size is appropriate under a given set of environmental conditions. However, more sophisticated models have proposed that correlations between maternal phenotype and the offsprings' environments would be favorable to adaptive variability in egg/larval size within the population; i.e., females may not be homogeneous in behavior or distribution according to phenotype and that is reflected in differential survival probability of offspring in different environments (Einum and Fleming, 2002) . Moreover, for optimal egg size to differ among environments (or populations), it is considered essential that: (1) survival must increase or decrease with egg/larval size, (2) there must be a significant effect of the environment on the positive association between egg/larval size and survival, and (3) the survival benefits of larger eggs must be greater than the numerical loss from producing fewer eggs (Hutchings, 1997) . In the sGSL, detailed information on the spatial distribution of berried females is rare. However, at least for theÎ Iles-dela-Madeleine population, there is no indication of a spatial segregation among females during the incubation period (Gendron and Savard, 2000) , i.e., females with eggs at different degrees of development are found together, irrespective of size, suggesting that developmental conditions for the embryos are most likely similar for all females. Although the larvae hatch from early summer (peak in early July) to early September in theÎ Iles-de-laMadeleine (Ouellet et al., 2001b) and there is a strong seasonal temperature cycle in that region of the gulf, it is difficult to imagine that different-sized females ''control'' (or are aware of) the habitat or environmental conditions for larval development. In fact, given the long reproductive cycle, a female would have to anticipate the environmental conditions almost two years ahead of time. That situation is not conducive to strong selection for egg/larval variability (as a function of the female's phenotype) within populations (e.g., Einum and Fleming, 2002) .
Moreover, the theoretical framework is one of offspring fitness (maximizing larval survival in different environmental conditions), and there is no obvious reason for variability in egg/larval size if the ecological conditions for larval development are not changing as a function of maternal age or size (Bernardo, 1996) . No study has ever clearly demonstrated that the relatively small initial differences in size or energy content in hatching lobster larvae translate into higher survival in the field, although it has often been suggested (Sasaki et al., 1986; Attard and Hudon, 1987; Wickins et al., 1995; Tully et al., 2001) . Seasonal and interannual variability in postlarval size and timing of settlement can affect growth and survival of the juvenile stages (James-Pirri et al., 1998; James-Pirri and Cobb, 2000) ; however, variability in size of late planktonic larvae and/or postlarvae in the field cannot be related to initial variability in egg or stage I larvae at hatching. In addition, over a three-year investigation of lobster larva growth and development in theÎ Iles-de-la-Madeleine population, no seasonal trend in mean stage I CL was detected for any year (suggesting that there was no trend in size at hatching during the season), and the interaction of stage duration and growth rates as modulated by the seasonal temperature cycle was apparently solely responsible for the relative change in mean size (CL) of the successive larval stages (Ouellet and Allard, 2002) . That is, there was no evidence of selective mortality associated with variable larvae size over the season. Therefore, if larger females can divert proportionally more resources to egg production, the best strategy would be to increase egg numbers instead of individual egg size. Indeed, our results and the demonstrated logarithmic relationships between female size (CL) and fecundity (Aiken and Waddy, 1980) would suggest that this is the strategy adopted in H. americanus, and probably in all crustacean species producing small planktotrophic larvae. CONCLUSION By compiling data over many years and on different populations, we were able to carry out an unprecedented analysis of the sources of variability in egg/larval size in H. americanus. Hatching larvae tend to be smaller in primiparous females or females maturing at a smaller size. However, over the entire size range of reproductive females, larval size at hatching is for all practical purposes independent of female size (CL). Nevertheless, despite weak relationships, suggestions have been made for a definite advantage or greater relative importance of larger females in the recruitment of the populations (Attard and Hudon, 1987; Tully et al., 2001 with H. gammarus) . This assumption may be true if we consider the higher individual fecundity of larger females, but arguments based on the possible positive influences of larger larvae from larger females are not fully supported by our analysis. In heavily exploited populations (such as those from theÎ Iles-de-la-Madeleine and Grand Manan Island), large females are very rare and almost all eggs are produced by small (and mostly primiparous) females. Conservation measures dealing with the imposition of a minimum legal size may be a means to increase the number of females that will spawn at least once or twice within a population. However, the impacts of first-time spawning and the length of the female's reproductive cycle on egg and larvae quality need to be fully investigated to be able to assess the changes in the population's egg production and recruitment potential resulting from this measure.
